INTRODUCTION
Investigations on tobacco bases have been mostly confined to nicotine and other alkaloids but recent reports have been concerned with separation and identification of the volatile amines present in tobacco (4, :1.:1.). Earlier investigations were hindered by lack of adequate procedures for isolation and detection of amines in plant tissue (9, :1.0). Richardson (7) reported tile use of :1.-fluoro-2,4-dinitrobenzene as a quantitative reagent for the determination of simple plant amines. Separation and identification of :1.7 volatile amines in tobacco were accomplished by use of 4-nitroazobenzene-4'-carboxamide derivatives ( 6) . Among those identified in hurley tobacco were dimethylamine, methylethylamine and methylpropylamine. Y asumatsu and Akaike (:1.:1.) identified :1.2 amines in tobacco including dimethylamine and diethylamine. In an early survey of volatile amines in flowering plants von Kam1enski (:1.o) reported the presence of methylamine and iso-· pentylamine in tobacco. He observed that the amine content of Mercurialis perennis was influenced by the location where plant was grown and by the plant tissue assayed. He also reported that the quantities of amines in M. annua were less after periods of wilting than in the fresh tissue. Yasumatsu and Akaike (:1.:1.) demonstrated differences in the amounts of several volatile amines between shoot and root, air-cured and fluecured leaves, and nitrogen fertilization in Yellow Bright tobacco. Recently, Bush et al. (:1.) have shown with cured hurley tobacco, produced under commercial production conditions, that increased secondary amine content in tobacco tissue was positively correlated with nitrogen content and that secondary amine content was lowest in leaf tissue from the lower stalk positions.
The objectives of these investigations were to determine the influence of different tobacco tissue and tissue processing and of nitrogen fertilization on the volatile aliphatic secondary amines in tobacco cultured under a semi-controlled environment.
• Individual aliphatic secondary amines -dimethylamine, methylethylamine, and diethylamine mixed with methylpropylamine -were separated and quantified as derivatives of DNFB. On the thin-layer chromatograms N-methyl-n-propylamine and diethylamine had .the same migration and these amines were estimated together using a diethylamine standard. Acidic and basic extracts of the tobacco tissue were prepared by homogenizing tissue in 1. N HCl or 1. N KOH 1.:30 (w/v). The homogenate was filtered through
Whatman =h and the filtrate washed three times with· chloroform. The DNFB derivatives were made directly from the aqueous fraction after adjusting the pH to approximately 4 before adding the reagents or the aqueous fraction was steam distilled and the derivatives formed. The residue from the filtration and the combined chloroform washings (neutral fraction) were also steam distilled and analyzed. Portions of the aqueous filtrate from the acidic or basic extracts were titrated to pH 3.0 and extracted with n-butanol. The amine derivatives were made on the aqueous fraction of pH 3.0 before and after steam distillation. The butanol fraction was also ·analyzed for amines.
RESULTS
Method of leaf processing had a pronounced influence on the levels of dimethylamine, but very little influence on the diethylamine fraction (Table 1. ). Air-drying and oven-drying of the tissue reduced the quantity of dimethylamine by 25 Ofo but the quantity of diethylamine was not changed. Freeze-dried tissue contained quantities of all the amines equal to the fresh tissue. Burley tobacco leaf samples were also assayed fresh and after air-curing and in general the curing process did not influence the quantities of the amines studied. Contents of the principal volatile secondary aliphatic amines differed with plant parts ( Table 2 ). The stem contained the highest quantity of the three amine fractions measured and the leaf midrib contained the lowest amounts. The methylethylamine content was a greater portion of the total amines measured in the seed, stem and roots than in the leaf lamina and leaf midrib. Methylethylamine content in the seed and stem was equal to the dimethylamine content. Many unidentified dinitrophenylamine derivatives were observed on the TL chromatograms from the root samples that were not observed in the other samples. Removing the apical meristem from the growing tobacco plants (topping) prior to harvesting had no influence on the amine content. Also, the age of plants had no consistent influence on the amine content. • diethylamine with mathylpropylamine.
Not only did the various plant parts differ in amine content but the lamina of different species of Nicotiana or varieties of N. tabacum also differed in amine content. N. glutinosa had similar ratios among the three amines as the N. tabacum but the quantities were much lower (Table 3) . N. langsdorffia and N. longiflora contained high total amounts of the amines and most was present as dimethylamine. N. mstica and N. suaveolens also contained predominantly dimethylamine but the total amount was intermediate. N. glauca contained the lowest amounts of the amines of any species analyzed and most was dimethylamine. Very little difference was observed in the aliphatic amines between the hurley lines isogenic for nicotine. The influence of nitrogen fertilization and nitrogen content of tissue on amine content under field conditions has been reported (1.) . Culturing tobacco in the greenhouse and watering with nutrient solution containing the standard (85 mg N/1), or 2X, or 4X the standard amounts of NOa-N produced similar results. Data presented in Fig. 1 is the summation of dimethylamine, methylethylamine and diethylamine fractions in leaf lamina. Experiments were run in succession and differences among experiments can only be explained by difference in growth patterns. Within each experiment a linear relationship existed between nitrogen content and amines. The regression line for these data is Y ~= 27.2 + 1.5.1.6 X. Table 3 . Dimethylamine, methylethylamine, and diethylamine content in several N i cot i a n a species. • diethylamine with methylpropylamine.
•• not detected. Figure 1 . Influence of total nitrogen on aliphatic secondary amines in tobacco leaf tissue. Aliphatic secondary amine content was calculated from dimethylamine, methylethylamine, diethylamine and methylpropylamine content of the tissue.
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The amines measured in these experiments are readily soluble in aqueous media, thus should be extractable and detectable as the dinitrophenylamine derivatives without steam distillation. Amine analysis following extraction of tissue with 1 N KOH or 1 N HCl indicated very small amounts of these amines were present in the aqueous media (Table 4 ). The acid fraction repre5ents substances extracted with KOH and the base fraction represents material extracted. with HCI. The amines were apparently in both aqueous extracts because if these extracts were steam distilled the amines were found in appreciable amounts in the distillate. These results suggest that the amines in the aqueous extracts were not present as the free bases. The presence of the amines in the acid, base or neutral fraction was further examined in fresh tobacco leaf tissue. In this experiment all amine determinations were made after steam distillation and for each treatment a new portion of the sample was used. The acid fraction, extracted with 1 N KOH, contained essentially all of the diethylamine fraction . and 38 °/o of the dimethylamine (Table 5) Freeze-drying leaf tissue did not reduce amine content compared to amounts extracted from fresh tissue. Airdrying or oven-drying caused a 25 OJo reduction in dimethylamine content but did not alter concentrations of the other amine fractions measured. However, normal air-curing ofburley tobacco did not appreciably decrease the amine content and presumably this is 'because the leaf tissue was cured intact with the stalk whereas in our air-drying process primed leaves were used. Accumulation of amines was significantly altered by the type of tissue and both the high and low extremes of amine concentrations were found in conducting tissue, stem and the leaf midrib. Because of the carcinogenicity of nitrosamines that may be formed in tobacco smoke from secondary amines and nitrous gases, the observation of low amine concentration. in the midrib could have important implications in that more midrib tissue is being used in cigarette manufacturing and thereby lowering the amine content of the tobacco in the cigarette. Considerable variation existed in the amine content among Nicotiana spp. cultured under the same environmental conditions. Based on the observations reported the amine pattern fits the phylogenetic relationships (8) Within each experiment a linear relationship existed among nitrogen treatment and amine content, however, reproducibility among experiments was not good. These experiments were replicated in time and the environment in the greenhouse was not the same in all cases. Also, because Ca + + + and K + concentrations were not the same in all nutrient solutions the effect of these cations cannot be ignored. Krasaesindhu (5) has suggested an interaction between Ca + + and nitrate nitrogen uptake but in the present study the ratio of Ca + ·:· and K + to NOs-was always equal and the Ca + + or K + content of the tissue was not measured.
The data indicate that the steam volatile amines measured in these investigations were not present as free bases or simple salts because they were only detected in appreciable quantities after steam distillation or base hydrolysis. The compounds giving rise to the amines were present to a greater extent in the base fraction than the acid fraction of fresh tissue and almost totally absent from the neutral fraction. 
